We report long-term scintillation observations of 18 pulsars in the dispersion measure range 3È35 pc cm~3 carried out from 1993 January to 1995 August using the Ooty Radio Telescope at 327 MHz. These observations were made with the aim of studying refractive e †ects in pulsar scintillation and obtaining reliable estimates of di †ractive and refractive scintillation properties. Dynamic scintillation spectra of pulsars were regularly monitored at 10È90 epochs spanning 100È1000 days. SigniÐcant changes are observed in the dynamic spectra over timescales as short as a few days. Large-amplitude Ñuctuations are observed in quantities such as decorrelation bandwidth, scintillation timescale, drift rate, and Ñux density. Several pulsars show organized features, such as drifting bands in a highly pronounced manner. For some pulsars, gradual and systematic variations are seen in the drift rate of patterns that undergo several sign reversals during the observing time spans. Anomalous behavior, such as persistent drifts lasting over many months, is seen for PSRs B0834]06 and B1919]21. Four pulsars were studied for 2È4 well-separated observing sessions, each lasting over D100 days. In some cases, signiÐcant variations are seen in the average scintillation properties and/or Ñux densities between successive observing sessions. From our data, we have been able to obtain more accurate and reliable estimates of scintillation properties and Ñux densities than those from the earlier observations by averaging out the Ñuctua-tions due to refractive scintillation e †ects. These measurements are used to derive parameters such as the strength of scattering and scintillation speeds. The scintillation speed estimates are found to be reasonably good indicators of proper-motion speeds of pulsars. The present measurements are compared with earlier measurements and the long-term stability of scintillation properties and Ñux densities is discussed.
INTRODUCTION
There are several classes of pulsar intensity variations seen at radio wavelengths. The large-amplitude, broadband, pulse-to-pulse variations seen for most pulsars are thought to be intrinsic to the pulsar emission mechanism. When averaged over many pulses to smooth out these variations, pulsar intensities show Ñuctuations occurring over timescales ranging from minutes to hours, which are explained in terms of propagation of radio waves through the irregular interstellar plasma (Scheuer 1968 ; Rickett 1969) . Random variations of electron densities in the interstellar medium (ISM) give rise to phase perturbations, leading to scattering of radio waves. As they propagate, the scattered waves interfere with each other, causing large variations of amplitude with frequency and position. The relative motion between the pulsar, observer, and the density irregularities translates the spatial amplitude variations into temporal variations at a given position, leading to a typical timescale of intensity fading, called the scintillation timescale. Other observable consequences of this phenomenon are broadening of pulse proÐles and angular broadening of compact radio sources at low frequencies. Observations of pulsar dynamic spectra (e.g., Roberts & Ables 1982 ; Smith & Wright 1985) , which are records of intensity variations in the time-frequency plane, reveal that such intensity variations are fairly narrowbandÈdecorrelation bandwidths D100 kHz to a few MHzÈand exhibit modulations as large as 100%. This phenomenon, which has become known as di †ractive interstellar scintillation (DISS), has been extensively studied since the early days of pulsar observations and is quite well understood (see Rickett 1977 for a review). DISS studies have been used for probing the structure of electron density inhomogeneities in the ISM (e.g., Cordes, Weisberg, & Boriako † 1985 ; Armstrong, Rickett, & Spangler 1995) and to estimate pulsar velocities (e.g., Cordes 1986) .
The discovery of long-term (Ddays to months) Ñux variations (e.g., Cole, Hesse, & Page 1970 ; Huguenin, Taylor, & Helfand 1973 ) and the subsequent correlation of these timescales with dispersion measure (DM ; Sieber 1982) led to the recognition of a second class of propagation e †ects (Rickett, Coles, & Bourgois 1984) , which has become known as refractive interstellar scintillation (RISS). In RISS, Ñux variations arise because of focusing and defocusing of the scattered radiation by electron density irregularities that are large compared to the Fresnel scale. These modulations are fairly broadband in nature. Refraction through the largescale density structures also produces the systematic "" drifting patterns ÏÏ that are often seen in pulsar dynamic spectra (e.g., Smith & Wright 1985 ; Hewish 1980) . RISS is also thought to be responsible for the occasional occurrences of quasi-periodic intensity modulations in the dynamic spectra (e.g., Wolszczan & Cordes 1987 ; Hewish, Wolszczan, & Graham 1985) . RISS is also the preferred explanation for other observed phenomena, like slow Ñux variability at meter wavelengths (e.g., Rickett 1986 ), centimeter wavelength "" Ñickering,ÏÏ and discrete propagation events (e.g., Fiedler et al. 1987 ) with compact extragalactic radio (EGR) sources (see Rickett 1990 for a review). Besides Ñux modulations, RISS is also thought to produce slow modulations of decorrelation bandwidth and scintillation timescale. It has been suggested that the large irregularities responsible for RISS are part of the same spectrum of irregularities that give rise to DISS (Rickett et al. 1984) , and studies of both phenomena provide us information on the spectrum over a very large range of spatial scales (several 483 orders of magnitude). While it is generally considered to be of a power-law form over the spatial scales of interest for interstellar scintillation (ISS), the exact form of the spectrum, especially the slope, cuto †s, and above all the validity of a simple power-law description still remain to be well understood (see Narayan 1988 ; Rickett 1990 ; Armstrong et al. 1995) .
On the theoretical front, several researchers have addressed the problem of DISS and RISS in terms of smallscale (D106È108 m) and large-scale (D1010È1012 m) electron density Ñuctuations producing two distinct regimes of scintillations (Rickett et al. 1984 ; Cordes, Pidwerbetsky, & Lovelace 1986 ; Romani, Narayan, & Blandford 1986) . Besides predicting the long-term Ñux variations that characterize RISS, these models make predictions about the nature and levels of Ñuctuations for observables such as decorrelation bandwidth, scintillation timescale, and the drift rates of intensity patterns in pulsar dynamic spectra. In the case of power-law models for the density irregularities, the refractive e †ects are expected to depend on the slope of the spectrum. For example, the magnitude of the Ñuctua-tions of all the above parameters is predicted to increase substantially with the slope (Romani et al. 1986 ; Blandford & Narayan 1985) .
On the observational front, signiÐcant work has been done to measure the long-term Ñux modulations of several pulsars (Stinebring & Condon 1990 ; Kaspi & Stinebring 1992 ; Gupta, Rickett, & Coles 1993 ; LaBrecque, Rankin, & Cordes 1994) . The results show that, for several pulsars, the measured Ñux modulation indices are larger than those predicted by the simple Kolmogorov model, indicating that the underlying density spectrum may be more complicated. Not much is known about the timescales and the magnitudes of the Ñux variation due to RISS and about other scintillation variables like decorrelation bandwidth and scintillation timescale. A recent study of the long-term variations in pulsar dynamic spectra (Gupta, Rickett, & Lyne 1994) has shown that the properties of scintillation patterns of several pulsars vary considerably with time, and, to a Ðrst order, these variations were found to be consistent with expectations from RISS. However, several discrepancies with the predictions of a Kolmogorov model were also observed in these data. Observations also show occurrences of unusual scattering e †ects such as episodes of multiple imaging and extreme scattering events (ESE), which are thought to be due to refraction by discrete structures in the ISM (e.g., Cordes & Wolszczan 1986 ; Fiedler et al. 1987) . Most ESEs have been with EGR sources (Fiedler et al. 1994) , and the only pulsar that is reported to have shown ESEs (in the form of unusual Ñux variations and timing perturbations) is PSR B1937]21 (Cognard et al. 1993 ; Lestrade, Rickett, & Cognard 1998 ). More recently, there have been a couple of attempts to test the quantitative predictions of theories, and for two pulsars (PSRs B0329]54 and B1937]214) the correlations between the Ñuctuations of scintillation observables were found to be consistent with the predictions (Lestrade, Cognard, & Biraud 1995 ; Stinebring, Faison, & McKinnon 1996) . However, the results are not conclusive, and there is a need for more observations of this kind, which is one of the motivations for the observations described in this paper.
The Ñuctuations of the Ñux and the DISS parameters caused by refractive scintillation lead to unreliable estimates of Ñux densities, scattering properties, and pulsar velocities if obtained from only a few epochs of observations. In order to get reliable estimates of these quantities, the refractive Ñuctuations need to be averaged out by taking measurements at a large number of epochs spanning several refractive timescales. The timescales of the Ñuctuations due to RISS, largely determined by the strength of scattering and the pulsar velocity, can range from a few days (for nearby pulsars at meter wavelengths) to several years (in the case of distant pulsars at longer wavelengths). Most scintillation measurements made earlier (Roberts & Ables 1982 ; Cordes et al. 1985 ; Smith & Wright 1985 ; Cordes 1986) could not take into consideration such e †ects (probably because of limited observing time), and the scattering properties derived from such measurements are prone to errors due to refractive scintillation. For example, in the published literature, estimates of decorrelation bandwidth and time by di †erent observers di †er by factors of 3È5. A second motivation of the present work is to examine whether such discrepancies are attributable to RISS and to make a better determination of the scintillation parameters.
In order to investigate refractive scintillation e †ects and to obtain reliable estimates of scintillation properties of nearby pulsars, we undertook long-term systematic scintillation observations of 18 pulsars using the Ooty Radio Telescope (ORT) during 1993È1995. Our observations and measurements of the scintillation properties are presented in this paper (referred to as Paper I). In Paper II (Refractive e †ects and the spectrum of plasma density Ñuctuations), we use our results to constrain the electron density spectrum in the local ISM. In Paper III (Testing theoretical models of refractive scintillation), we compare our results with existing theoretical models of RISS. In an earlier paper (Bhat, Gupta, & Rao 1998) , we have used our improved estimates of the average scintillation properties of several local pulsars to show that the distribution of scattering material in the local ISM is not homogeneous and that it supports the presence of the Local bubble.
The layout for the rest of this paper is as follows : Our observations are described in°2. A description of the data analysis methods is given in°3, where we also present results on the di †ractive and refractive scintillation properties. We discuss the reliability of the present measurements in°4, where we also compare the present measurements with those from earlier observations and address the issue of long-term stability of scintillation properties and pulsar Ñuxes ;°5 gives a summary of our main conclusions from this work.
OBSERVATIONS

Instrument and Data Acquisition
The observations were made using the ORT, which is an equatorially mounted 530 ] 30 m parabolic cylinder operating at 327 MHz (Swarup et al. 1971) . The telescope has an e †ective collecting area of 8000 m2 and a system temperature of 150¡ K ; it is sensitive to linearly polarized radiation with an electric Ðeld in the north-south plane. It has hr of hour angle coverage and a declination coverage 91 2 from [55¡ to ]55¡. The ORT is a phased array, with 1056 dipoles at its feed, which was upgraded recently giving considerable improvement in sensitivity and stability (Selvanayagam et al. 1993 ). With the current sensitivity, a signal-to-noise ratio of 25 can be achieved for a 1 Jy source, for 1 s integration, and over a bandwidth of 4 MHz. The signals from the dipole array are combined to form two signals from the north and south halves of the telescope. These are input to a 1 bit correlation spectrometer (Subramanian 1989 ) to yield the cross power spectrum of the signals from the two halves. For our experiment, pulsar data were taken over a bandwidth of 9 MHz centered at 327 MHz. The data were obtained such that there are 64 frequency channels in the cross spectrum spanning the observing bandwidth, yielding a frequency resolution B140 kHz.
Pulsar data were acquired with a sampling interval of 6 ms. The data were recorded both on the pulse and on part of the o †-pulse regions. The gated on-pulse and o †-pulse regions were synchronously averaged in the correlation domain over a speciÐed number of pulse periods and then recorded for o †-line analysis. A continuum source at a declination close to that of the pulsar being studied was observed for calibration. The data from the calibrator were acquired for typical durations of 5 minutes, and an equal stretch of data were acquired by pointing the telescope to a cold region of the sky. The calibration observations were generally made before starting the pulsar observations. A suitable calibrator was chosen for each pulsar so as to eliminate any possible bias in the Ñux calibration. The data from several calibrators taken on a given observing day were also used to monitor the stability of the telescope gain over the observing periods.
Sample Selection
Our sample selection was made with the twofold aim of (1) studying di †ractive and refractive scintillations and (2) obtaining reliable estimates of scattering properties of nearby (distance kpc) pulsars. It was largely determined [1 by our preliminary calculations of expected scintillation parameters based on the earlier scintillation measurements available from the literature and the instrumental constraints. For the pulsars that were known at the time of our observations with DM \ 40 pc cm~3 and within the sky coverage of ORT, the expected values of decorrelation widths in frequency and in time were calculated (*l iss ) ( q iss ) from published results, assuming the scaling laws for a Kolmogorov density spectrum Pulsars (*l iss P f obs 4.4, q iss P f obs 1.2). whose scintillation patterns could be studied with a frequency resolution of 140 kHz over a 9 MHz band were selected. The temporal resolution required to resolve the scintillation patterns in time is typically 10 s at 327 MHz. In order to have a sufficient signal-to-noise ratio with this integration time, we included in our sample only those pulsars whose Ñux at 327 MHz was greater than 25 mJy (S 400
[ 20 mJy). The minimum integration time with the correlation spectrometer being 6 ms, we eliminated from our sample short-period pulsars ms). We also left out (period[100 pulsars that are known to show intrinsic intensity variations (such as nulling) over timescales comparable to that of ISS. Pulsars for which no prior scintillation measurements were available but that satisÐed our selection criteria of DM, Ñux, and period were retained in the sample. The Ðnal sample consisted of 18 pulsars in a DM range 5È35 pc cm~3 and are listed in Table 1 along with relevant observational details. Pulsar names are listed in column (2) and their DMs in column (3). Distance estimates adopted in our calculations (col. [4] ) are based on the electron density distribution given by Taylor & Cordes (1993) , except for PSR B0823]26, for which we use the independent distance estimate available from parallax measurements (Gwinn et al. 1986 ). The period of observation and the total number of epochs of observation are given in columns (5) and (6). The instrumental resolutions in frequency and time used for each pulsar are listed in columns (7) and (8). The pulsar sample spans the DM range fairly uniformly and therefore allows us to study variations of di †ractive and refractive (Gwinn et al. 1986 ). c Part of the data were taken with kHz. *f ch \ 281.20 d Lower limit on the distance estimate. e Part of the data were taken with larger *t (twice the value given here). f Scintillation measurements are not reported so far for these pulsars.
properties over a range of DM, distance, and strength of scattering.
Observing Strategy
Each pulsar was observed at several epochs spanning many months. For accurate estimates of di †ractive scintillation parameters at each epoch, observations need to be made over a time duration much larger than the characteristic timescales and over bandwidths much (t obs ? q iss ) larger than characteristic frequency widths of (B obs ? *l iss ) patterns. Since we had a Ðxed observing bandwidth of 9 MHz, pulsars that were expected to have large decorrelation bandwidths MHz) or decorrelation times (*l iss D 1 s) were observed for longer durations (typically (q iss D 1000 D2È3 hr) in order to ensure sufficiently large number of scintles needed to obtain good ensemble averages of scintillation properties. Pulsars with relatively shorter decorrelation widths either in time or in frequency were observed for shorter durations of about 1È2 hr. For refractive scintillation studies, dynamic spectra need to be monitored regularly for time spans much longer than their typical refractive timescales, with several observations within the timescale. We estimated the expected values of refractive timescales using the di †ractive timescales available in the liter-(q r,exp ) ature in order to decide the initial observing strategies for individual pulsars. The values of are given in column q r,exp (9) of Table 1 . Since these timescales range from days to weeks, observations were made over time spans of about D100 days to ensure a sufficiently large number of refractive cycles of Ñuctuations. The Ðnal strategies in terms of number of epochs and their separations were largely inÑuenced by the results from our own early observations. Our Ðnal data are from four observing sessions during 1993 JanuaryÈ1995 August, with each session lasting over a period of 100È150 days. In every observing session, six to eight pulsars were regularly monitored for their dynamic spectra. The number of epochs of observations has a (N ep ) wide range, from 9 to 93, the reasons for which are as follows : 10 pulsars, with were primarily observed N ep Z 20, for studying the refractive e †ects in dynamic spectra, while for the remaining nine, our basic aim was to obtain reliable estimates of scintillation properties for the purpose of studying the local ISM. Four pulsars were reobserved in multiple sessions because of interesting scintillation properties observed during the initial sessions. In Table 2 , column (3) gives the number of observing sessions for each (N sess ) pulsar. In columns (4)È(7), the break up of number of epochs for each session is given, where the quantity shown in brackets is the time span of observation in days. The total time span of observation is given in column (8 To calibrate the pulsar data, data were acquired on both a nearby calibration source and a cold region of the sky. These data were used to estimate the gain of the telescope at the declination of the pulsar and to determine the bandpass of the correlation receiver. For most observations, frequency channels beyond the 3 dB range (about 7 MHz) were not used. The o †-source data were examined for bad channels and line interference, which were Ñagged for the pulsar data.
Pulsar data from the correlation spectrometer were edited for occurrences of instrumental malfunctions. The data were calibrated for the telescope gain as well as gain variations across the observing band. The data were dedispersed and examined for any systematic pulse drifts due to instrumental e †ects, which were corrected if detected. An integrated proÐle was obtained by averaging the pulsar data over the entire observing duration and over the usable range of the observing bandwidth. The on-pulse region was identiÐed using a 5 p (where p is the rms of the o †-pulse region) threshold criterion above the mean o †-pulse level. The mean o †-level was subtracted from the corresponding on-pulse region, and the dynamic spectrum was obtained by integrating this over the on-pulse time bins. A similar spectrum was created for the average value of the o †-pulse region, which was used to detect regions of dynamic spectra corrupted by external interference. The data were checked for both narrowband and broadband spurious signals, lasting over very short durations to the entire observing time, and the corrupted data regions were given zero weights in the further analysis. The fraction of the data rejected in this manner seldom exceeds a few percent. The pulsar Ñux density (F), averaged over the bandwidth and duration of the observations, and the intensity modulation index were computed from the on-pulse dynamic (m d ) spectra.
T he Computation of Autocovariance Functions
In order to quantify the average characteristics of scintillation patterns at any epoch, we make use of the twodimensional autocovariance function (2D ACF), which was computed for frequency lags up to half the observing bandwidth and for time lags up to half the observing time. The function was corrected for the e †ect of receiver noise Ñuc-tuations and the residual, intrinsic pulse-to-pulse Ñuctua-tions, which remain uncorrelated and appear as a "" ridgelike ÏÏ feature at zero time lag in the 2D ACF. We computed a weight function for the 2D ACF that represents the uncertainties in the ACF values and is given by
where l and q are the frequency and time lags and N(l, q) is the number of data pairs averaged in computing the ACF value at (l, q). The quantity represents the rms noise in p n the ACF at l \ 0 and q \ 0, and it was computed from the region of the ACF where interstellar features are absent. This weight function was used while Ðtting the 2D ACF with suitable functions.
Description of Data
Sample dynamic spectra are shown in Figures 1aÈ1h and 3aÈ3m. These spectra have been selected to illustrate the general characteristics of pulsar scintillation as well as to highlight the observed variations from pulsar to pulsar and epoch to epoch. In Figures 1aÈ1h , there are a number of panels, each displaying the spectrum at a given epoch. Multiple panels are shown mainly to highlight the changing form of dynamic spectra with time. The observing durations are typically 2È3 hr, but often the displays have been restricted to shorter durations (D100 minutes), because this is sufficient to illustrate the basic features. Most data have resolutions of 140 kHz in frequency and 10 s in time. The date of observation is indicated at the top right corner of each panel, and the mean Ñux density for each epoch is shown at the top left corner. In the gray-scale representation of the intensity, darker regions correspond to higher intensity values and lighter regions to lower values. The display saturates to black at 4 times the mean intensity, and white regions are usually at about 20% of the mean. There are bright intensity regions, usually known as scintles, which are resolvable when their widths in frequency and time are larger than the instrumental resolution. A typical spectrum consists of a large number of such scintles of varying intensity, shape, and widths. Such random, deep modulations of intensities, occurring over narrow frequency ranges and short time intervals, are general features of all spectra. Various time-dependent instrumental problems, as well as external broadband interference, that have been identiÐed and blanked out in our data reduction process appear as vertical white regions that are distinguishable from regions of real Ñux fading by their sharp boundaries. The horizontal white strips seen in some of the spectra [for example, in Figs. 1b and 1g, i.e., pulsars PSR B0834]06(I) and PSR B1919]21(I)] are regions of the data corrupted by narrowband interferences. However, as seen in the Ðgures, only a very small fraction of the data is corrupted by such spurious signals ; therefore, this does not a †ect the estimation of the scintillation parameters.
Sample ACFs of some selected pulsars are displayed in Figures 2aÈ2c to illustrate the general characteristics of ACFs and to highlight the special features seen with some of the pulsars. Each Ðgure has a number of panels representing the ACF of the dynamic spectrum obtained on the observing day indicated at the top of the panel. The displays are restricted to much smaller ranges in frequency and time lags than the maximum lag ranges for which the ACFs have been computed.
The sample data shown here (Figs. 1È3) illustrate the diversity seen in the pulsar dynamic spectra. The properties of patterns, such as their sizes and shapes in the timefrequency plane, vary signiÐcantly from pulsar to pulsar. The widths of intensity patterns vary from D100 s (e.g., Systematic slope variations and sign reversals are found to be common for most of the pulsars observed. There are, however, some pulsars whose data are characterized by very few or even an absence of sign reversals of pattern slopes over the observing time spans (typically D100 days). Pulsars PSR B0834]06 and PSR B1919]21 are the best examples of such "" persistent drift slopes.ÏÏ PSR B1919]21 is a unique case, where in addition to the usual intensity decorrelations there are deep intensity modulations lasting over very short timescales (roughly 1 minute). This broadband phenomenon is found to be a stable feature of this pulsar over the entire observing session. Another special pulsar is PSR B1133]16, which shows remarkable changes in the nature of the dynamic spectrum between its successive observing sessions. On 1994 April 30 this pulsar shows periodic intensity modulations in the dynamic spectrum.
In the rest of this section, we brieÑy describe the observed properties of some of the pulsars that show typical behavior and some with anomalous scintillation properties. This is followed by a brief summary of the general characteristics of the remaining pulsars. Sample data of this pulsar are shown in Figure 1a , which has nine dynamic spectra spanning a period of 57 days from the second observing session (1993 OctoberÈ1994 January), and in Figure 2a , which shows nine selected ACFs spanning 54 days from the Ðrst observing session (1993 MarchÈMay) . These data illustrate a number of basic observable e †ects due to di †ractive and refractive scintillations. The intensity scintillation patterns arising from rapid intensity modulations in time and frequency are clearly seen. The patterns decorrelate over a few 100 kHz in frequency and D100 s in time for this pulsar. Often the patterns appear with preferred orientations in the time-frequency plane, and on a given day most of them exhibit slopes of the same sign, either positive or negative. The sloping features in the dynamic spectra produce tilted contours in the ACFs. In addition, there are Ðne variations of sizes and shapes of patterns from day to day, along with signiÐcant variations in the average Ñux density. The property is better illustrated in Figure 
PSR B0834]06
Figure 1b show the dynamic spectra for this pulsar at 25 epochs spanning a period of 110 days, taken from the Ðrst observing session (1993 JanuaryÈMay). A similar data set (at 23 epochs spanning 100 days) from the Ðnal observing session (1995 AprilÈJuly) is displayed in Figure 1c . These data have been selected to illustrate a number of special properties seen with this pulsar. Drifting patterns are highly pronounced in the dynamic spectra of this pulsar (Fig. 1b) . Scintles are much broader than that of PSR B0823]26, with typical widths of D500 kHz in frequency and D400 s in time. The variable nature of dynamic spectra is also much better pronounced here. In the data taken from the Ðrst session (Fig. 1b) , patterns appear with slopes of the same sign for all the epochs and do not show any reversal in between. Such persistent drifting features are also seen in the data from the next two observing sessions, 1993 OctoberÈ1994 January and 1994 FebruaryÈJune. However, quite dramatic changes are noticed in the data taken during the Ðnal session, 1995 AprilÈJuly (Fig. 1c) , in which there FIG. 2c are several occasions of slope reversals. In addition, there are a few examples of spectra with "" dual slopes ÏÏ (e.g., 1995 June 10).
PSR B0919]06
Selected dynamic spectra and ACFs of this pulsar are shown in Figures 1d and 2b , where the data at nine epochs spanning a period of 35 days are displayed. The behavior of this pulsar is quite similar to that of PSR B0823]26. Intensity patterns fade over a few 100 kHz in frequency and D100 s in time, and the widths vary signiÐcantly between successive epochs of observation. Gradual and systematic variations in the slopes of the patterns are highly pronounced here. In fact, the orientation of the major angle of the ACF reverses its sign twiceÈfrom 1994 April 28 to May 14 and then again from 1994 May 16 to June 1. In some ACFs there is evidence for a dual slope, where the orientation is di †erent for the higher and lower contours : data on May 4, 14, and 24 are good examples. Such behaviors can be expected during the transition periods of drift reversals, which is clearly substantiated by the dynamic spectra. This means, for this pulsar, pattern slopes seem to undergo a sign reversal typically once in 20 days.
PSR B1133]16
Another special pulsar is PSR B1133]16, which shows remarkable changes in properties of its dynamic spectra from one observing session to another. The pulsar was observed for three well-separated sessions over a 3 yr period. Figure 1e displays the dynamic spectra of this pulsar from the observations during March 1994ÈJune 1994. A similar data set from the third session (1995 AprilÈJuly) is shown in Figure 1f . Each Ðgure consists of data from 16 epochs of observations. Data shown in Figures 1e and 1f span 65 and 92 days, respectively. A typical dynamic spectrum from the initial observing session (1993 February) is shown in Figure 3c , which is characterized by intensity patterns fading over approximately a few 100 kHz in frequency and over approximately 100 s in time. In contrast, dynamic spectra taken during the second session (Fig. 1e) , in particular those from the Ðrst half of the session, show patterns that fade over much broader ranges in frequency (D1 MHz) and in time (D200 s). The spectrum on 1994 April 30 shows clear evidence of periodic intensity modulations in the frequency-time plane, known as "" interstellar fringes,ÏÏ which result from multiple imaging caused by refraction in the ISM (e.g., Wolszczan & Cordes 1987) . It may be mentioned that such imaging events were reported earlier for this pulsar by Hewish et al. (1985) and Cordes & Wolszczan (1986) . After this episode of fringes, the pulsar appears to return to the initial mode seen in session I, with intensity patterns fading over Da few 100 kHz in frequency and over D100 s in time. This mode of scintillation spectrum prevails FIG. 3 .ÈTypical dynamic spectra of 13 pulsars shown to illustrate their general characteristics. The name of the pulsar is given at the top of each panel. The average Ñux density is given at the upper left corner, and the date of observation is given at the upper right corner of each panel. The nature of gray-scale representation is similar to Fig. 1 except for the intensity levels corresponding to the white and black regions. The white and black correspond to 20% and four times the mean intensity, respectively, for PSRs B0628 [28, B1237] until the last observing day of the session (1994 June 1). Surprisingly, the dynamic spectra data obtained from the subsequent observing session (Fig. 1f ) are markedly di †er-ent from the earlier data, showing intensity patterns fading over much broader ranges in frequency (Da few MHz), which is similar to the characteristics of the Ðrst half of session II and sometimes seem to be broader than the observing bandwidth itself. The pulsar thus seems to exhibit drastic changes in the nature of its dynamic spectrum on timescales D1 yr. Behavior of this kind is not seen for any other pulsar that was followed up for multiple observing sessions.
PSR B1919]21
Selected dynamic spectra of PSR B1919]21 from the Ðrst observing session (1993 MarchÈMay) are shown in Figure 1g , and Figure 2c shows selected ACFs from the follow-up session (1993 OctoberÈ1994 January). The spectra in Figure 1g are from nine observations spanning 23 days, and the ACFs displayed in Figure 2c are for 25 observations over a period of 87 days. These data have been selected to highlight some of the special properties seen with this pulsar. The dynamic spectra appear to be quite similar to that of PSR B0834]06 shown in Figure 1b , but substantial variations are seen in size and shape of ACF over a time interval as short as 1È2 days.
A noticeable property seen in the dynamic spectra of this pulsar is Ðne, deep modulations of intensity patterns, which are invariably broadband and last over D100 s in time. The property is unique to this pulsar and is a stable feature in the data from both the observing sessions. These intensity modulations produce a narrow ridge in the ACF at zero time lag (see Fig. 2c ). Sometimes, this e †ect also leads to Ðne corrugations of the ACF along the time axis (see, e.g., ACFs on 1993 October 22 and November 29). Because of its broadband nature and persistence over entire duration of observation, we believe that these modulations are intrinsic to the pulsar and are not a scintillation phenomenon. Thus the ACFs of this pulsar are more complex than those of the rest of the pulsars.
Drifting patterns are highly pronounced in the dynamic spectra of this pulsar (Fig. 1g) , as is the persistent nature of drift slopes. The data from the follow-up observations (Fig.  2c) during 1993 OctoberÈ1994 January also show persistent tilts in the ACF. There seems to be occasional instances of reversals of drift slopes, but the overall appearance of the data are more like that of persistent drifts. No further observations were made, and hence no information is available on how long the persistent drifting features last for this pulsar.
PSR B2045[16
Sample dynamic spectra of this pulsar are displayed in Figure 1h , which consists of observations at nine epochs spanning a period of 40 days. The pattern drifts are quite prominent as in PSR B0834]06 and PSR B1133]16 and show large variations and a number of reversals of slope over a period of 3 months. In contrast with the data discussed so far, the intensity patterns of this pulsar show random occurrences of broadband intensity Ñuctuations lasting for a few time samples (D10 s), thereby giving rise to white vertical strips in its dynamic spectra. Broadband features of this kind are attributable to an insufficient averaging of pulsarÏs intrinsic intensity variations due to the presence of additional phenomena like nulling.
Summary of the Remaining Pulsars
The data of PSR B2020]28 (typical spectrum is shown in Fig. 3k) Figures 3g and 3j , where the intensity patterns fade over much longer durations in time, typically D1000 s. The sloping patterns are not quite noticeable in the spectra of PSR B2016]28. In contrast, PSR B1604[00 shows prominent drift slopes, which vary systematically and show a sign reversal in between. The spectra of this pulsar are rather poorly sampled, and there are only 10 epochs of observations over a time span of 94 days. Figures 3d and 3i show typical spectra of pulsars PSR B1237]25 and PSR B1929]10. For these pulsars, patterns are much broader in frequency and fade over a range D1 MHz. Often their spectra are characterized by a few bright scintles that dominate over others and last for D1000 s ; these are followed by long fading over similar timescales. The presence of bright scintles also cause apparent intensity modulations that are somewhat greater than 100%. In the case of pulsars PSR B0329]54, PSR B1540[06, and PSR B2310]42, typical spectra of which are shown in Figures 3a, 3f , and 3l, respectively, the intensity patterns fade over a very narrow frequency range, sometimes as small as D100 kHz, which is close to our spectral resolution limit. The patterns are thus signiÐcantly smoothed in frequency because of the instrumental resolution, and this smoothing e †ect reduces apparent intensity modulations to somewhat below 100%. The spectra of pulsars PSR B1508]55, PSR B1747[46, and PSR B2310]42 (Figs. 3e, 3h , and 3l, respectively) are characterized by poor signal-to-noise ratio because of a signiÐ-cant reduction in the telescope gain at high declinations.
Estimation of Scintillation Properties
ACF Fitting and Estimation of Scintillation Parameters
The 2D ACF can be characterized by its widths along the frequency lag and time lag axes and its orientation in the frequency lagÈtime lag plane. The parameters corresponding to these widths are the decorrelation bandwidth, l d , deÐned as the half-power width along the frequency lag axis at q \ 0 and the scintillation time, deÐned as the e~1 q d , width along the time lag axis at l \ 0. The 2D ACF is Ðtted with a two-dimensional elliptical Gaussian function (see Gupta et al. 1994 for justiÐcation) of the following form :
The amplitude of the Gaussian function, is unity, since C 0 , the ACF itself is normalized to unity. In the Ðtting algorithm, the deviations between the ACF and the model Gaussian are weighted by their uncertainties given by the weight function, as described in equation (1). This u d , weighting scheme accounts for the measurement uncertainties in the ACF values due to Ðnite data stretch and does not take care of the "" scintle-lumpiness ÏÏ e †ect arising because of the Ðnite number of scintles (this is addressed later in this section). The model Gaussian parameters, C 1 , and are estimated by a s2 minimization procedure. C 2 , C 3 , The scintillation parameters and are obtained from
The decorrelation widths and obtained in this l d q d manner are corrected for smearing due to Ðnite instrumental resolutions in frequency and in time using a quadrature subtraction scheme. Barring a few exceptions, such as l d measurements of pulsars PSR B1540[06 and PSR B2310]42, this correction is not signiÐcant for our measurements.
To characterize the drifting features in the dynamic spectra (or, equivalently, the tilt or orientation of the Ðtted Gaussian two issues need to be addressed. The Ðrst is o k m), the choice of an appropriate quantity for describing the e †ect. Usually the sloping features have been characterized by the frequency drift rate, measured as dl/dt (Hewish 1980 ; Smith & Wright 1985) . More recently, the inverse of this quantity, i.e., dt/dl, has been suggested as a more appropriate choice (Spangler 1988 ; Rickett 1990 ; Gupta et al. 1994) , since it has a more meaningful connection with theory. The inverse of this quantity, dt/dl, is proportional to the refractive scattering angle and will have the same stah r tistical properties : zero mean random variable, in the simplest case. We therefore prefer to use dt/dl in place of dl/dt in characterizing drift slopes.
The second issue concerns the correct method of estimating dt/dl. At Ðrst sight, it may appear that the slope of the major axis of the ellipse Ðtted to the ACF is a good measure of dt/dl. However, this is not true, since the ellipticity and hence the slope of the major axis depend on the plotted scale and can give results that are not meaningful when the major axis happens to be aligned along one of the axes. The basic e †ect of refraction due to a linear phase gradient is not a tilting of the entire pattern but rather a "" shear ÏÏ resulting from the frequency-dependent displacements of patterns in the observing plane. Therefore, in the quantity dt/dl, dt should refer to the time interval corresponding to the di †er-ential displacement of intensity patterns separated in frequency by dl. The proper measure of dt/dl would be the slope of the line joining the points on the ellipse with the highest correlation at a given frequency o †set. This deÐni-tion is similar to that suggested by Gupta et al. (1994) . It results in a zero drift slope in the absence of sloping patterns and is also free from the ambiguity of determining the major axis. In terms of the Ðtted Gaussian parameters, this slope can be expressed as
The
We also take into account the p mod . statistical uncertainties in the scintillation parameters arising because of the Ðnite number of scintles, given by Similar statistical errors are also applicable for the measurements of pulsar Ñux densities and intensity modulation indices, which are directly obtained from the dynamic spectra. The intensity modulation index, which is known as the di †ractive scintillation index, is usually found to be m d , close to unity, within the measurement uncertainties. Moreover, the measured Ñuctuations of are found to be comm d parable to the uncertainties in values, and hence can m d m d be treated as a stable quantity. The observed 100% intensity modulations are in accordance with the strong scintillation expected for pulsars at meter wavelengths. However, there are a few exceptions (such as PSRs B1237]25 and B1929]10) with signiÐcant deviations of indices from unity, and they are found to result from dominance of a few bright scintles. Occasionally, indices greater than unity are seen when a few bright scintles dominate the dynamic spectrum. However, no pulsar shows any systematic, large variations of m d .
T ime Series and Average V alues of Scintillation Parameters
The results from the analysis are presented in the form of time series of four quantities : the three scintillation parameters and dt/dl, and average Ñux density (F). Table 2 for details). The uncertainties of individual measurements are estimated as described in the previous section. The length of the error bar represents^1 p uncertainty in the measurement. The data points are joined with dotted lines merely to illustrate the general trends seen in the variations of the quantities. We now use these time series to derive the average properties characterizing the di †ractive and refractive scintillations for each pulsar.
The parameters and form two basic observables of l d q d di †ractive scintillation that are measurable from our data. The present observations show that they vary signiÐcantly with time, which is presumably because of refractive e †ects. We discuss the details of the modulation characteristics in a later section. The important point here is that scintillation measurements from only a few observations would lead to erroneous conclusions about average scattering parameters. Most earlier measurements in the literature could not take into consideration such e †ects, probably because of limited observing time. It is necessary to average out these Ñuctua-tions in order to get reliable estimates of the quantities. Our observations were made over time spans much longer than the expected timescales of Ñuctuations, and we were able to obtain many more scintillation measurements on each pulsar in our program. Thus the data allow us to reduce the errors due to refractive scintillation e †ects, as a result of which we are able to estimate DISS parameters more robustly than previous attempts. The average values thus obtained, and are listed in columns (2) and (3) of Table 3 . It may be mentioned that our data span may be insufficient to yield stable ISS parameters for pulsars that show persistent drifting features lasting many months.
The third parameter dt/dl is basically related to refractive scattering. Nevertheless, we brieÑy describe it here, because the quantity is measured from the dynamic spectra, which is due to DISS. Like and the drift slopes of intensity l d q d , patterns also show signiÐcant variations with time. The theoretical expectation is that these slopes should vary randomly about a zero mean over refractive timescales. In general, most pulsars show this basic property where the slopes change their magnitudes and show frequent sign reversals. However, PSR B0834]06 and PSR B1919]21 seem to be exceptions ; the former does not show sign reversals in the Ðrst three sessions, and the latter shows quite similar property, although there are a few epochs of opposite drift slopes. Thus, excepting a few pulsars, the mean value of the drift rate Sdt/dlT (given in the col. [4] of Table 3 ) is zero within the estimation errors.
T he Global ACF Computation
Here we describe an alternative method that gives more reliable estimates of average values of and dt/dl than l d , q d , obtained by averaging the time series. The method makes use of a weighted average 2D ACF, which we refer to as the global 2D ACF (GACF). It is computed from the ACFs at all the epochs of observation for a given pulsar using the deÐnition
where is the ACF of dynamic spectrum at the kth epoch, o k is the number of observations made with identical N ep @ resolutions in time and frequency, and is the weight -k function for the GACF, which is simply the number of data pairs averaged to get (note that it is di †erent from the o k quantity, as deÐned in eq.
[1]). Estimating the average u d , scintillation parameters from the GACF has the following advantages over the time series averages : First, the individual ACFs are given weights proportional to their statistical reliabilities, which would make the average values less sensitive to ACFs computed from very short data stretches. The GACF has higher signal-to-noise ratios than the individual ACFs and is less sensitive to outliers, which results in smaller uncertainties in the Ðtting procedure. Further, while computing the GACF, deviations of the individual ACFs from their model Gaussians get averaged out, and so the GACF will be much closer to its model Gaussian form than the case of individual ACFs. The uncertainties due to the model Ðtting which are largely attributable to the (p mod ), deviation from the Gaussian shape, will be smaller than that in the case of normal ACFs. Thus the estimates of average values obtained from this technique will be more robust than those from the time series. The only limitation is that the data should be taken with identical resolutions in time and frequency, which is the case with most of our data.
The GACFs obtained from our data are shown in Figure  5 . For pulsars with multiple sessions of observations, GACF is computed for each session separately. In some cases, part of the data in a given session was obtained with a di †erent resolution either in time or in frequency, in which case GACFs are computed for the corresponding data sets separately. In such cases, the labels A and B are attached along with the session ID [e.g., PSR B0823]26(IA)] or pulsar name [e.g., PSR B1508]55(A)] to distinguish between the di †erent parts of data. The GACF is Ðtted with a Gaussian of the form described in equation (2) to yield parameters and which are the average
and dt/dl, respectively. These are present- (5), (6), and (7), respectively, of there are multiple plots, which are GACFs computed for di †erent observing sessions. The labels A and B represent the part of the data for which GACF is computed (see Table 3 ). GACFs represent the average scintillation properties. The plots shown here illustrate the general characteristics observed with the dynamic spectra of various pulsars and also variations in scintillation properties from pulsar to pulsar. B2327[20, the discrepancy seen between and Sq d T q d,g seem to be due to some "" outlier ÏÏ data points in the initial epochs of observation. We believe the results from the GACF technique to be more robust than those from the time series and hence use them in our further analysis in this paper.
Estimates of Derived Scattering Parameters and Pulsar Flux Densities
Using the results obtained from the GACF method, we estimate some quantities characterizing the strength of scattering and scintillation pattern speed. The conventional way of describing the strength of scattering is in terms of C n 2 (e.g., Rickett 1977 ; Cordes et al. 1985) , where the spectrum of the plasma density Ñuctuations is considered to be a power law, given by where i is the spatial P dne (i) \ C n 2 i~a, wavenumber. The quantity is a measure of rms electron C n 2 density Ñuctuations, which give rise to scattering. The lineof-sight average of is given by (Cordes et al. 1985) ,
for a Kolmogorov form of density spectrum (a \ 11/3). Our estimates of are given in column (3) of Table 4 , where the C n 2 uncertainties are due to the measurement errors in In l d,g . all our calculations, we make use of the most recent pulsar distance estimates available from Taylor, Manchester, & Lyne (1993, hereafter TML93) , except for PSR B0823]26, for which an independent distance (B380 pc) from the parallax method is available (Gwinn et al. 1986 ). The new, improved estimates of derived from our measurements C n 2 have been used to study the distribution of scattering material in the local ISM (Bhat et al. 1997 (Bhat et al. , 1998 .
Another quantitative measure of the strength of scattering is the parameter u, which is deÐned as the ratio of the Fresnel scale to the "" coherence scale ÏÏ In (s
. terms of decorrelation bandwidth, this quantity can be expressed as (Rickett 1990 ; Gupta et al. 1994) .
The values of u obtained from are given in column (4) l d,g of Table 4 , and they range from 20 to 75. The observable e †ects of refractive scintillation are thought to critically dependent on this parameter, and the condition u [ 1 is considered to be the strong scattering regime. The quantity is representative of average scattering along the line-of-C n 2 sight, while u is an indicator of the integrated scattering at a given frequency of observation.
The scintillation pattern speed, which measures the V iss , relative motion between the scintillation pattern and the observer, is estimated from measurements of decorrelation bandwidth and scintillation timescale (e.g., Cordes 1986) and is given by
For the constant we adopt the value 3.85 ] 104 given A V , by Gupta et al. (1994) . In the above expression, we have considered a thin screen placed midway between the pulsar and the observer. Values of derived from measurements V iss of and are given in column (5) of 
small in comparison to those due to Therefore, scintil-V prop . lation speeds are generally considered to be useful indicators of pulsarÏs proper-motion speeds.
The long-term nature of our observations have enabled us to obtain reliable Ñux density values by averaging out the Ñuctuations due to refractive scintillation. The average Ñux densities are given in the column (7) of Table 4 and (S 327 ) have measurement errors of the order of 5%. The uncertainties are due to absolute Ñux calibration and estimation error attributable to the Ðnite number of scintles. Since the ORT is sensitive to linearly polarized radiation with electric Ðeld in the local north-south plane, our Ñux densities may turn out to be underestimates, especially for pulsars that have signiÐcant linearly polarized radiation.
DISCUSSION
We have presented results from a long-term systematic study of the scintillation properties of a large number of pulsars. Before we compare these average scintillation measurements with earlier studies and discuss the long-term stability of the scintillation parameters, we estimate the various errors in our computations of average scintillation properties. Two main sources of errors are (1) errors due to the Ðnite number of independent epochs of observations, which we denote as and (2) errors due to limited p meas , number of refractive cycles of Ñuctuations spanned by the measurements, denoted as A direct estimation of the p stat .
latter is not practical ; hence, we get Ðrst-order estimates by assuming a stationary statistics for RISS. This assumption may not be true for some pulsars, in which case our values of will be less reliable. In the Appendix, we describe the p stat details of our scheme for estimating these errors. The results of our error calculations are summarized in Table 5, which  gives the percentage errors for and SFT. In general, l d,g , q d,g , the second kind of errors dominate over the Ðrst kind ; typical values of whereas those of p meas D 2%È5%, p stat D Overall, our data represent a signiÐcant improve-5%È15%. ment in terms of accuracy and reliability of scintillation measurements compared to those available in the literature, most of which were obtained from observations at a few epochs. We now compare the present measurements of diffractive scintillation parameters and and Ñux (l d,g q d,g ) density (SFT) with earlier measurements. We also examine the agreement between our estimates of scintillation speeds and the proper-motion speeds of pulsars.
Comparison with Earlier Measurements
Decorrelation Bandwidth and Scintillation T imescale
Measurements of decorrelation bandwidth and scintillation timescale reported in Ðve papersÈCordes (1986), Cordes et al. (1985) , Smith & Wright (1985) , Roberts & Ables (1982) , and Gupta et al. (1994) Èhave been scaled to our observing frequency assuming scaling laws l d P f obs 4.4 and which correspond to a power-law spectral q d P f obs 1.2, index a \ 11/3. The and estimates calculated in this Tables 6 and 7 . Whereas the measurements of Gupta et al. (1994) are from similar observations, i.e., from several epochs over a long period, the remaining ones are from fewer epochs.
As seen from Tables 6 and 7 , there is a general lack of agreement between various measurements. Since refractive scintillation is thought to be the cause of slow Ñuctuations of di †ractive observables, we Ðrst examine how well the discrepancies can be accounted for in terms of RISSinduced Ñuctuations. For pulsars PSR B1929]10 and PSR B2045[16, the di †erences between the measurements are within the rms Ñuctuations seen in our time series for and l d therefore can be explained in terms of RISS. However, the discrepancies are much larger for the remaining pulsars. If we allow a 2 p deviation from our average values, the discrepancies of 10 pulsars can be explained by RISS. For pulsars PSR B0919]06, PSR B1508]55, and PSR B1540[06, the discrepancies are much larger, and an RISS explanation may not be adequate. A partial explanation for pulsars PSR 0329]54 and PSR B1540[06 might be our instrumental limitations, because of which the intensity patterns are barely resolved in frequency, thereby making the values less accurate. l d Evidence for another reason that can give rise to large discrepancies can be found in our data itself. Interestingly, our observations show that average values do not remain l d stable for pulsars PSR B0834]06, PSR B1133]16, and PSR B1919]21 from session to session, despite averaging over a time span of about 100 days for each session, much larger than their RISS timescales. Variations between the successive sessions of observations are found to be considerable, in some cases as much as a factor of 2È3. Thus our data show evidence for signiÐcant long-term variations of Cordes et al. 1985 ; SW85, Smith & Wright 1985 ; RA82, Roberts & Ables 1982 ; GRL94, Gupta et al. 1994 .
a Scaled from values given at 1 GHz. Cordes et al. 1985) . Therefore, it is possible that the di †erences might be simply due to the measurements from observations made over separations of years.
The frequency scaling of decorrelation bandwidth is highly sensitive to the nature of the density spectrum assumed. The values listed, which are calculated for a \ 11/3, will substantially di †er if the spectrum is steeper. The exact value of a is still uncertain, and there are conÑict-ing interpretations from di †erent scintillation experiments. Recently, Armstrong et al. (1995) have shown that the overall density spectrum in the nearby ISM kpc), ([1 extending over about 10 orders of magnitude of scale sizes, is closer to a Kolmogorov form, but it is not clear if this is valid for all lines of sight. It is possible that an incorrect frequency scaling has also contributed, at least partially, to the present discrepancies.
The situation with measurements is similar, although q d the disagreements are less pronounced. Like the case with l d values, RISS based on simple models fail to account for some of the observed discrepancies. It is possible that e †ects that can account for the discrepancies of might explain l d the measurements as well. In addition, an apparent q d change in the scintillation pattern speed, due to reasons such as EarthÏs orbital motion and bulk motion of the (V obs ) medium can also lead to changes in For example, (V irr ), q d . in the case of PSR B2016]28, the variation of scintillation time due to EarthÏs motion is substantial (Gupta et al. 1994) and therefore dependent on the epoch of observation. Other pulsars where this e †ect is likely to be important are PSRs B1540 [06 and B1604[00. By and large, we Ðnd the discrepancies between our measurements (of both and and others to be more or less l d q d ) unbiased, except with those from Cordes et al. (1985) . But we also note that the measurements given in Cordes (1986) are from a more extensive data set and later than those reported in Cordes et al. (1985) . RISS seems to be the likely explanation for some of the discrepancies, but there are several exceptions for which an RISS explanation is inadequate. Long-term variations seen with (e.g., for PSR Sl d T B1133]16) can also be interpreted as large-scale spatial variations in (say, over D50È100 AU), and this could be C n 2 at least partly responsible for some of the unexplained discrepancies. Another possible source of discrepancies is an incorrect scaling of the measurements with frequency. (8) and (9) is considerably S 327 lower : by D4 times for the former and by D6È12 times for the latter. Such a large discrepancy can be attributed to the fact that these pulsars show a large fraction of linearly polarized radiation (with fractional linear polarizations [at 400 MHz] of B0.6 and B0.8, respectively), which can make our values underestimate the true values by a factor as much as D3È5.
Scintillation Pattern Speeds and Proper-Motion Speeds of Pulsars
Scintillation speeds are considered to be good indicators of pulsar velocities and several authors have studied the correlation between the two (Lyne & Smith 1982 ; Cordes 1986 ; Gupta 1995, hereafter G95 Cordes (1986) , whereas Gupta et al. (1994) suggest a value of 3.85 ] 104, which has been adopted by us. Our estimates (col.
[5] of Table 4) are for a thin screen placed midway between the pulsar and the observer. More reÐned estimates can be obtained using the method described in Cordes & Rickett (1998) for a distributed scattering medium. It may be mentioned that the thin-screen method overestimates the scintillation speed compared to a uniformly distributed medium with a simple Kolmogorov form of density spectrum.
Proper-motion measurements are available for 15 of our pulsars (TML93 and references therein). We have used them in combination with most recent distance estimates to estimate the pulsar velocities and these (V prop ) are given in column (6) of prop . ancy is consistent with the estimated "" z-height ÏÏ of this pulsar and the expected "" z-height ÏÏ of the electron density layer in the Galaxy, as discussed in detail in G95. For PSR B2020]28, our observations conÐrm the discrepancy noted by G95. The likely explanation for this is enhanced scattering from the Orion arm of the Galaxy, as postulated in G95. SigniÐcant discrepancies are also seen for PSR B0823]26(II), PSR B1133]16(II), and PSR B1133]16(III).
By and large, scintillation speeds can be used as rough indicators of proper-motion speeds. The discrepancies seen can result from the distance estimate used and/or an asymmetric location of the e †ective scattering screen (see G95). Estimates of are comparatively less prone to distance V iss uncertainties but critically depend on the relative location of the scattering screen with respect to the pulsar and the observer. A detailed treatment of such discrepancies is beyond the scope of the present work. there is a signiÐcant reduction (by 30%) in SFT from session I to II, which cannot be reconciled in terms of RISS modulations.
Long-term variations of scintillation characteristics of PSR B1133]16 are much more complex than the rest of the pulsars. There is a factor of 2 increase in and values, which range from 335^10 km V iss s~1 (in session II) to 490^38 km s~1 (in the initial session). This pulsar also exhibits remarkable long-term changes in the dynamic spectra, where ranges from values as low as l d D300 kHz (at some epochs of initial session) to as large as D7 MHz (at some epochs of session III). This is a unique pulsar that shows three di †erent "" modes ÏÏ of scintillation : (1) few 100 kHz and s (session I and second
MHz and s (Ðrst half of
and (3)
MHz and
III). The long-term variability of scintillation properties of this pulsar cannot be explained in terms of RISS, variations in the strength of scattering or the e †ect due to the (C n 2), EarthÏs orbital motion. It may also be mentioned that this pulsar is fairly close by (D B 270 pc) and is known to have shown multiple imaging events (Hewish et al. 1985 ; Cordes & Wolszczan 1986 ; our observations and B25 km s~1 for the sessions I and II, respectively). The e †ect of observerÏs motion can, therefore, only partly account for the discrepancy. The bulk Ñow of the density irregularities is another possible explanation of dis-(V irr ) crepancy, but the required km s~1 is highly V irr D 55 improbable. Bondi et al. (1994) , based on their 1 yr Ñux modulation studies of low-frequency variables, argue that km s~1. Thus the observerÏs motion and the V irr \ 10 motion of the medium do not satisfactorily account for the observed variability of values. Another e †ect that can V iss give rise to modulation of is the angular wandering of V iss the source position caused by the refractive e †ects, which we will discuss in a subsequent paper. There is 42% reduction in SFT from session I to II, which is signiÐcantly larger than the statistical Ñuctuations that can be expected due to RISS.
Systematic observations to study the long-term stability of basic scintillation properties and and pulsar Ñuxes (l d q d ) have not been attempted before. The present observations show some evidence to suggest that these quantities do not remain stable for some pulsars despite averaging over periods much longer than the RISS timescale. Such a property is unexpected from the current RISS models. Normal RISS is expected to give rise to Ñuctuations of scintillation observables over refractive timescales, and no ISS e †ect is known to date that can cause the long-term (session-tosession) variations seen in the present observations. Since the measurements have been made with the same experimental setup, an observational bias is highly unlikely. The observed variations of and cannot be fully attribSl d T Sq d T uted to e †ective changes in scattering strength and/or C n 2 the e †ect due to EarthÏs orbital motion around the Sun. Substantial variations of are not expected over the C n 2 transverse extents of D50È100 AU that has been probed by the present data. The observed variability of the Ñux is also anomalous, and there are no intrinsic or extrinsic e †ects known that can produce signiÐcant Ñux variations over timescales D1È2 yr. All these conclusions are, however, based on only three pulsars ; systematic observations of more pulsars are needed for a better understanding of these e †ects.
SUMMARY AND CONCLUSIONS
We have made an extensive series of scintillation observations for 18 pulsars in the DM range 3È35 pc cm~3 using the ORT at 327 MHz. The dynamic scintillation spectra of these pulsars were monitored at 10È90 epochs over time spans of 100È1000 days during 1993È1995. In this paper, we have presented the basic results from these observations. Some of the implications of these results, such as constraints on the spectrum of electron density Ñuctuations in the ISM and implications for the theoretical models of refractive scintillation, are addressed in two subsequent papers. Two-dimensional autocovariance functions (2D ACF) were computed for the dynamic spectra and are used to estimate quantities such as decorrelation bandwidth (l d ), scintillation timescale and the drift rate of intensity (q d ), patterns (dt/dl) for each observation. Time series of these quantities and Ñux density (F) are presented and can be used to investigate various refractive e †ects in pulsar scintillation. All four quantities show large-amplitude Ñuctuations (as much as by a factor 3È5) over time spans of about 100 days and are also found to vary signiÐcantly over timescales as short as a few days. PSR B1133]16, which was observed for three sessions spanning D1000 days, shows remarkable changes in its dynamic spectrum from one session to another. The data from the initial session are characterized by scintles that are fairly narrow in both time (D100 s) and frequency (D300 kHz). The data taken 1 yr later show much broader scintles (D200 s and D1 MHz). An episode of "" interstellar fringing ÏÏ is observed on 1994 April 30, which is followed by data characterized by narrower scintles (similar to the Ðrst session). Data from the Ðnal session show patterns that decorrelate over a wider range of frequency (D2 MHz) and time (D200 s). Such dramatic variations are not seen for any other pulsar. The pulsar PSR B1919]21 is found to show Ðne, deep intensity modulations over and above random intensity modulations in time and frequency caused by ISS. These modulations occur over typical timescales of a minute (much shorter than DISS timescale) with level of modulations as much as 50%. The modulations are broadband and persist throughout our observations, which suggests that they are intrinsic to the pulsar.
To obtain more reliable estimates of the average values of and dt/dl from all the observations of a given pulsar, l d , q d , we have computed the Global ACF (GACF) for each pulsar. Whereas the results from GACF and time series methods agree in general, there are considerable di †erences in some cases, especially when the statistics is poor. Since the GACF method is expected to yield more robust estimates of the average properties, we prefer them over the time series averages. Estimates of decorrelation bandwidth and scintillation timescale from GACFs are used (l d,g ) ( q d,g ) to estimate parameters such as the line-of-sightÈaveraged strength of scattering the strength of scattering param-(C n 2 ), eter (u), and the scintillation pattern speed A compari-(V iss ). son between the scintillation speeds derived from our measurements and proper-motion speeds of pulsars show that scintillation speeds are reasonably good indicators of proper-motion speeds.
The present observations have resulted in a signiÐcant improvement in terms of accuracy and reliability of the scintillation measurements compared to those available in the published literature. For pulsars PSRs B1747È46, B2310]42, and B2327È20, scintillation parameters are reported for the Ðrst time. There are considerable di †er-ences between our measurements of decorrelation bandwidth and scintillation timescale and various earlier measurements. Although RISS seems to be a likely explanation for some of the di †erences, it does not satisfactorily account for all discrepancies.
